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Abstract

Gadolinium-doped cobalt ferrite CoGdxFe2xO4 (CGF) were produced using citrate gel
auto-combustion method (x = 0-0.025 at an interval of 0.005). An investigations on the impact of Gd**
ions on structural, dielectric, and magnetic properties were conducted. The synthesized materials were
characterized using the following techniques: X-ray diffraction (XRD), scanning electron microscopy
(SEM), Fourier transform infrared (FTIR) spectroscopy, ultraviolet visible spectroscopy (UV),
impedance (dielectric) analysis, and vibrating sample magnetometer (VSM). The crystalline size
ranging from 48 to 13 nm. The Williamson-Hall plots were utilized to examine the impact of crystalline
size and lattice strain on the peak broadening of each sample. The X-ray diffraction spectra were used
to confirm phase identification and spinel structure. The results of FTIR examinations show that strong
metal oxide bonds can be found in the tetrahedral and octahedral sites at wavelengths of 351-376 cm’!
and 567-574 cm™!, respectively. The obtained samples to study optical energy bandgap (Eg), which vary
from 2.01 eV to 2.45 eV and show that they are semiconducting materials.The Maxwell-Wagner model
and Koop's theory have both been used to study the behaviour of dielectric properties. The dielectric
constant at room temperature to 673 K in the frequency range 50 Hz—1 MHz to study the dielectric
constant, dielectric loss, AC electrical conductivity, and impedance. The impedance charts show how
conductivity was impacted by grain and grain boundary mechanisms. In relation to an applied field of
100 kOe, magnetization was measured at 3K and 300K. The blocking temperature (Tg), which exhibits
super-paramagnetic behaviour, is found to be approximately 359K according to zero-field cooling ZFC
and field cooling. The FC experiments carried out in the temperature range of 3K—360K under an applied
field of 100 Oe.
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1. Introduction

The spinel ferrites are particularly important magnetic materials because of their distinctive
combination of electric and magnetic characteristics. The advantageous for a variety of technological
uses, such as high-density magnetic recording, microwave devices, electric insulators, memory cores,
high-frequency applications, as a catalytic treatment for human illness, magnetic bioseparation, drug
delivery, sensors, magnetic resonance imaging, and hypothermia. The depending on the application, the
fundamental electrical and magnetic properties can be changed [1]. The spine ferrites have the chemical
formula MFe;O4 (where M is Ni, Co, Zn, etc.), in which Fe occupies the octahedral (B) site and M
occupies the tetrahedral (A) site, and oxygen anions form a face-centred cubic structure that is tightly
packed [2, 3]. The unique electrical, optical, and magnetic properties of cobalt-based spinel ferrites
(CoFe204), which crystallise in inverse spinel structure in bulk materials. The spinel cubic structure space
group Fd-3m in nanoparticles, and are of great interest [4—5]. These properties include a high Curie
temperature, moderate saturation magnetization, large magnetocrystalline anisotropy, a large
magnetostrictive coefficient, excellent chemical stability, and good thermal stability. The synthesis
method can significantly affect the physical and chemical characteristics of cobalt ferrites by substituting
different cations at tetrahedral or octahedral locations [6]. As a result, the rare earth lanthanides are
commonly used to adjust the properties of cobalt ferrites in order to improve their remarkable qualities
because they are very good electrical insulators with high resistance [7]. M. Hasim et al. conducted
research on the substitution of RE = Ce, Dy on cobalt ferrites, which demonstrated that increasing the Ce
and Dy concentrations increases coercivity while decreasing magnetization values [8]. C. Murugesan et
al. substituted Gd on cobalt ferrites and found that the dielectric constant increases as Gd concentration
increases [9]. Aravind Kumar et al. synthesised Gd-substituted cobalt ferrites and discovered that the
dielectric constant decreases as Gd concentration and frequency increase [10]. Erum Pervaiz et al.
prepared Gd-doped cobalt ferrites and reported that room-temperature DC electric resistivity increases
to 9.5x107 with Gd concentration except for x=0.025 (~10°) and that dielectric constant and dielectric
loss decrease to 4.9 and 0.016, respectively, with increased dopant concentration and soft magnetic
behaviour due to Gd substitution [11]. M. Kamran et al. developed La-doped cobalt ferrites and observed

that increasing La doping reduces dielectric constants, dielectric losses, and AC conductivity values,
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while increasing La concentration increases DC electric resistivity [12]. L. Avazpour developed Eu and
Nd-doped cobalt ferrites and discovered that at room temperature, the saturation magnetization of the

ferrite ceramics decreases with grain size [13].

The single-phase development of the cubic spinel structure is confirmed by the fourier
transform infrared and Raman spectra.The magnatic and dielectric properties of Gd** substitution Co
ferrites were studied by Kadam [14]. A cubic spinel phase forms without the existence of an ambiguity
peak, according to the examination of x-ray diffractograms (XRD). The transmission electron
microscopy image revealed spherical particles with a mean diameter of 27 nm. By using the ferrite's
SAED picture, the peaks identified by the XRD data were confirmed. The magnetic characteristics, such
as coercivity, retentivity, and saturation magnetization, were measured using the VSM data [15]. The
creation of single-phase spinel with a high degree of crystallinity was discovered using an X-ray
diffractometer (XRD). Both the production of spinel matrix crystallographic sites and the formation of
agglomerated spherical particles with nanometric sizes were confirmed by Fourier transform infrared
(FTIR) and transmission electron microscopy (TEM) experiments. A week of ferrimagnetic behaviour is
shown at low temperatures, whereas a super-paramagnetic behaviour is seen at high temperatures,

according to the analysis of magnetic characteristics [16].

The cobalt ferrite were suggested to have a small number of gadolinium ions substituted in
order to enhance their structural, dielectric, and magnetic characteristics. The citrate gel auto-
combustion method is used to explore the low-temperature magnetic (x = 0.020) and dielectric properties

of CGF (x = 0-0.025 in a range of 0.005) ferrites.

2. Experimental details

2.1 sample preparation

The chemical formula CGF with X =0, 0.005, 0.010, 0.015, 0.020, and 0.025 was used to make
gadolinium-substituted cobalt ferrites. The chemical Cobalt, ferric, gadolinium, and citric nitrates are
used as reactants in the first stage. Weighing the necessary quantity of reactants reveals that the molar
ratio of metal nitrate to citric acid is 1:3. To make a homogeneous solution, citric acid and weighted
metal nitrates are dissolved in deionized water and swirled together with a magnetic stirrer. By
continuously swirling while adding 25% ammonia solution, the solution's pH is brought down to 7, as

desired. The resulting nitrate-citrate solution is heated on a hot plate of a magnetic stirrer to about 373 K
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until it forms a highly viscous and dry gel, then allowed to condense. The dried gel is then heated on a
hot plate to 473 K" until auto-combustion occurs as a result of self-ignition. CGF nanopowder is the final
product. The nanopowder was ground into a fine powder. The powder was then heated to create pellets.
The pellets were then sintered and characterised using various techniques. The synthesis flow chart is

shown in Fig. 1.

3. Results and discussion

3.1 XRD analysis

The X-ray diffraction patterns of CGF (x = 0-0.025 in an interval of 0.005) ferrites are shown in
Figure 2, with a distinct Bragg's reflection seen for the strongest peak without any impurity phases. The
diffraction peaks planes observe at (220), (311), (400), (422), (511), (440), and (533) for the most strong
peaks at 30.1°, 35.5°, 43.1°, 53.5°, 57.0°, 62.6°, 74.1° and with JCPDS Card No. 22-1086. This study
demonstrated the production of cobalt nanoferrites cubic spinel structure with the Fd3m space group

[17,15]

The structural parameters such as lattice constant (a), unit cell volume (V), crystallite size (D),

and X-ray density (dx) were computed using the following formulas (1-5) and are presented in Table 1.

a=dVh? + k2 + [Z - (1),

V=g’ (2)
here ‘a’ is lattice constant,
KA
~ Bcos® 3)

Debye-Scherer's formula, where K is a dimensionless shape factor having a value between 0.9 and
1, is a diffractometer with an X-ray wavelength (CuK, source i.e. A= 1.5406 A ), B is the line broadening
at full width at half-maximum of each phase (in radians), and 0 is the Bragg angle (in degrees), is used

to calculate these quantities.

8M
dx = 22 —eee- ),

where M is the molecular weight of the sample, V is the volume of the unit cell, N is Avogadro’s number

(6.023x10%).
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For ferrites, the hopping lengths L, i.e. the distance between the magnetic ions, effects the physical
properties, reported by various authors. The hopping length foe site A and B are represented by La and

Lg were calculated by using the equations
La =22 Aand Ly = 22 A —mmn (3),

where a is the lattice parameter.

When Gd is incorporated into cobalt ferrite, the lattice constant (a) value increases due to the
difference in the ionic radii of Gd** (1.107), which is bigger than the ionic radii of Fe** (0.76) [18]. The
crystallite sizes were determined to be 48.27, 34.64, 31.07, 24.01, 22.91, and 13.01 nm (x= 0, 0.005,
0.010, 0.015, 0.020, 0.025) and decreased with increasing Gd concentration. Actual broadening of
diffraction peaks corrected for experimental (f,) and instrumental widening (B;,) as f = B2, — BZ, .
Taking into account the size and strain effects, the Williamson-Hall equation for actual broadening (£)

can be modelled as follows:

B =—"+ 4etand — (6)
where (Df;o) is broadening due to the size (D) and 4&€tan@ is broadening due to strain (€)[19-20]. After

modification of above equation yields;
i.e., fcosO = 0'%'1 + 4esinf ----- (7)

Figure 3 depicts the W-H plots of the prepared samples, whereas Figure 4 depicts the change in

crystalline size and micro strain with regard to composition.

3.2 FTIR analysis

FTIR was used to study the metal ion stretching and functional groups of the gadolinium-
doped cobalt ferrite nanoferrites. The synthesised CGFferrites FTIR spectra are displayed in Figure
5 in the 400-4000 cm™' range. The infrared spectra of ferrites with the formula MFe,Ou, where M is
a divalent metal, consist of two absorption bands that result from the stretching of bonds between
tetrahedral or octahedral metal ions and oxide ions. The specifically the band ranges vi (540-600
cm™) and v2 (330-400 cm™) [21-22]. While the other band in the range v2 (380-350 cm™) is
attributed to the stretching of metal at the octahedral site, the band with the larger wave number
found in the range vi (580-560 cm™) relates to the vibrations of the metal at the tetrahedral site

reported in Table 2. The creation of the spinel ferrite structure in the produced nanoferrites is
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confirmed by the presence of these absorption bands. Additionally, when cobalt ferrite is doped with
gadolinium, the lattice induces strain, which causes Fe*" ions to move from tetrahedral positions to
octahedral sites. This results in an increase in ionic radii and a modification of the bond length (Fe-

O) at both locations, which results in the shift towards high frequency seen in figure 5.
The force constant of ions at tetrahedral and octahedral sites can be calculated using the relation.
k = 4m?c*viyu - (8)

Where k is the force constant, c is the speed of light (3x10® m/s), v is the vibration frequency of
the tetrahedral (vi) and octahedral (v2) sites, and is the decreased mass for the Fe** and O ions (-

2.065X1072% kg/mol). Table 2 lists the values of the calculated force constants, kt and ko.

At the tetrahedral and octahedral locations of the prepared gadolinium doped cobalt nanoferrites,
the variation in force constant suggests variation in the bond length of cations and oxygen ions. Figure
6 depicts the fluctuation of force constants with composition. The absorption bands in the 1530 cm™ to
1545 cm! range are due to nitrate (NO*") ion vibrations, the bands in the 2315 cm™! to 2890 cm™! range
are credited to carbon groups, and the bands in the 3410 cm™ to 3525 cm™! range are attributed to OH-

groups. Gadolinium doping results in considerable alterations to the structural characteristics.

3.3 UV- Visible spectroscopy analysis

UV-Visible spectroscopy was employed to determine the bandgap energy and confirm the
semiconductor nature. The UV-Visible absorption spectra of CGF (x= 0-0.025 in an interval of 0.005)
nanoferrite samples at room temperature are shown in Figure 7 in the 200-800 nm range. It has been
found that the electron evolution between oxygen ions and cations is what causes the variation in the

absorption slope. Tauc Equation was used to get the bandgap energy (Eg).

ahv¥ = A(hv — Eg) --—-- 9)
Where a is the absorption coefficient, 4 is Planck’s constant, v is the frequency of the incident
photon, A is proportionality constant and y denotes the nature of the electronic transition i.e., when y=2

and y=1/2 represents direct and indirect allowed transition respectively.
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From the literature survey it has been observed that the ferrites like CoFe2Oa4, NiFe;O4 and ZnFeO4
exhibit only a direct bandgap [23-24]. The Tauc plots of (aahv)? against hv for all the samples are
shown in figure 8. The extrapolation of the linear regions of the plots (i.e.(ahv)? = 0) onto the x-axis
gives the direct bandgap or edge values. The bandgap energy values for the prepared samples are found
tobe 2.45eV, 2.35eV,2.30eV, 2.23eV, 2.10eV and 2.01eV respectively. It is observed that by increasing
the concentration of Gd bandgap decreases. Because the obtained values fell inside the semiconducting
range, the optical bandgap (Eg) of the produced samples demonstrated their semiconducting nature. The
energy bandgap values of the gadolinium doped cobalt ferrites samples reported by Y.Lu et al.[25] were

2.04 eV - 2.28 eV, respectively, and are comparable to those in our investigation.

According to the findings, the absorption band moved a little bit into the visible range when the
cerium level rose. The absence of shoulders and extremely sharp edges in the absorption bands of Gd-
Co ferrites suggests that an intrinsic band transition, rather than surface states, may be the cause of
absorption in the visible light spectrum. Gd**, Co*", and Fe®" cations occupy the tetrahedral and
octahedral sites in the standard spinel-type compound Gd-Co ferrite, respectively. The valence band of
the Gd-Co ferrite band structure is typically identified as the Fe-3d orbital, while the conduction band
is the O-2p orbital. The electron excitation from the O-2p level into the Fe-3d level is responsible for
the visible light absorption spectra of Ce-Zn ferrite.Because of the larger particles, there is an increase
in the band gap energy (Eg) and a shift in the bands to higher wavenumbers with increasing Gd**
concentration [20]. It has been found that composition affects where absorption bands are located.

3.4 Dielectric studies

The dielectric investigations shed light on the material's method of electric conduction. In order
to study the dielectric properties of gadolinium-doped cobalt ferrites, a bode 100 impedance analyzer
with a frequency range of 50Hz to SMHz is used at room temperature as well as between 307 K and 773

K. Utilising the formula [26], the values of the dielectric constant with applied frequency are determined.

v cad
EELAA

----- (10)

Where A is the cross-sectional area of the pellet, d is its thickness, &, is its permittivity, and C is

its capacitance.

3.5 Variation of DC electrical resistivity
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The ferrites electric properties are greatly impacted by the synthesis process, the kind and
substitution of doped cations at the A and B sites. The particle's size and shape depends upon, and the
sintering temperature. For the CGF (x = 0-0.025 in an interval of 0.005) ferrite at 300K to 700K, a two
probe technique was utilised to investigate the dependence of DC electric resistivity. Figure 9.
demonstrates how, at normal temperature, composition affects DC electrical resistivity [27-30]. The
figure shows that the DC electrical resistivity decreases with a rise in gadolinium concentration at room
temperature, with the exception of 0.020. This decrease in resistivity can be the result of Fe*" ions

replacing other ions at the A-site, which increases the concentration of Fe** ions at the B-site.
3.6 Impedance Analysis

The electrical behaviour of materials is examined via impedance analysis. Information on the
grain and grain boundary contributions to microstructure resistances is provided by the impedance
analysis. Additionally, it gives full details regarding the facts on how resistive (actual part) Z and
reactive (imaginary part) Z' components contribute to conductivity when an alternating field is applied.
At room temperature and between 307 K and 673 K for CGF (x = 0-0.025 in an interval of 0.005),
impedance analysis has been done in the frequency range of S0Hz to SMHz. Figures 10(a-f) and 11(a-
f) show how the real and imaginary parts of the impedance have been shown as functions of frequency
at various chosen temperatures [31-33]. The figure shows that both Z' and Z” have higher magnitudes
at low frequencies, which diminish as frequency increases, and that at higher frequencies, both Z' and
Z" become constant for all compositions. Additionally, all samples experience a drop in Z' and Z”
magnitude as the temperature rises. The observed Z' and Z” behaviour for all samples in the low- and
high-frequency areas is consistent with the findings for spinel ferrites reported in the literature [34-36].
Figures 11 (a-f) further show that at a given temperature, there is only one peak at a given frequency
(the relaxation frequency), and that as the temperature rises, the relaxation frequency changes upward
and the peak height declines.

Complex impedance was plotted between real portion of impedance (Z') and imaginary part of
impedance (Z"), or Nyquist plot, in order to analyse the contribution of grains and grain boundaries in
conduction mechanism. Figures 12 and 13 (a-f) depict the complex impedance spectra of CGF (x= 0-
0.025 in an interval of 0.005) ferrite samples that were tested at room temperature and at a chosen

temperature.
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The plot is made up of an array of overlapping, depressed semicircles, where the diameter of the
arcs stands for the resistance of the grain and grain boundary. At low frequencies, a semicircle
symbolises the grain boundary, whereas at higher frequencies, it symbolizes the conduction of the grain
interior. The diameter of the semicircle shrinks as temperature rises, indicating that the samples' grain
resistance has decreased. Additionally, the conduction process is thermally activated, confirming the
prepared samples' semiconductor nature over the entire temperature range of 623 K to 4273 K.
Detectors, imaging devices, energy conversion, non-linear optics, solar cells, photocatalysis, water

treatment, biomedicine, nanophotonics, nanoelectronics, and miniaturised sensors are a few of these.

3.7 Low temperature magnetic studies

The material's magnetic characteristics were investigated using the VSM. By applying a
magnetic field up to around 100 kOe at 300K and 3K, measurements of the magnetic hysteresis loop of
the CGF (x = 0.020) sample are made. Figure 14 (a,b) illustrates hysteresis loops. The sample exhibits
ferromagnetic behaviour, as can be seen in the image. The values of the anisotropy constant (K), the
saturation magnetization (Ms), the coercivity (Hc), the remanance magnetization (Mr), the remanance
ratio (Mr/Ms), and the magnetic moment (BM) at 3K and 300K are provided in Table 3. It has been
noted that the saturation magnetization is higher at low temperatures (3K) than it is at 300K. The
decrease in thermal fluctuations and surface spin order at the particle's surface is attributed to the
increase in saturation magnetization as compared to 300 K. According to the table, Hc and Mr values
are very low at 300 K and will be close to zero at temperatures above room temperature. As a result, the
superparamagnetic behaviour of the magnetic particles is characterised by zero coercivity and zero

remanence [37].

The magnetic characteristics of the substance were examined using the VSM. By applying
a magnetic field up to around 100 kOe at 300K and 3K, the magnetic hysteresis loop measurements of
the CGF (x = 0.020) sample are done. Figure 14(a,b) depicts hysteresis loops. The sample exhibits
ferromagnetic behaviour, which is evident from the figure. As shown in Table (3), the Ms, Hc, Mr,
Mr/Ms, K, and BM values at 3K and 300K are all reported. We can see that the saturation magnetization
is higher at low temperatures (3K) than it is at higher temperatures (300K).

Figure 15. displays the fluctuation of the magnetization with temperature curve for the CGF
(x=10.020) sample as measured in FC and ZFC modes in a 100 oe external magnetic field. In ZFC mode,
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the sample was cooled from 360K to 3K while no magnetic field was present. Next, a measuring field
of 100 ohms was added, and magnetic measurements were taken during the warming cycle. As opposed
to FC mode, which involved cooling the sample from 360 K to 3 K while a measuring field was present,
this mode involved monitoring the magnetization as a function of rising temperature [38].

Figure 15 shows that both ZFC and FC magnetization decrease as temperature rises. Due to the
magnetic relaxation properties of the particles, FC and ZFC modes bifurcate at 359 K (the blocking
temperature Tb), which supports the superparamagnetic nature of the particles. It is evident from a
comparison of the hysteresis curves and FC-ZFC data that below the Tb, or less than 359K, a material
exhibits some hysteresis and acts as a ferromagnetic material, and above the Tb, or more than 359K, a

material behaves as a superparamagnetic material [39].

4. Conclusions

The samples of cobalt ferrites doped with gadolinium were investigated. The Williamson-Hall
plot was used to examine the impact of crystalline size and lattice strain on the peak broadening of each
sample, with crystalline sizes ranging from 13 to 48 nm. X-ray diffraction spectra were utilised to
establish phase identification and spinel structure. The FTIR measurements show the presence of
absorption bands at 380-350 cm™! and 580-560 cm™! that are consistent with strong metal oxide bonding
at tetrahedral and octahedral sites. The influence of grain and grain boundary mechanisms on
conductivity is shown by the impedance graphs. High-resistance grain boundaries become more active
at low frequencies, preventing electrons from hopping between the Fe** and Fe?* cations. The result is
adecrease in AC conductivity. Utilising the VSM, the substance's magnetic properties were investigated.
At low temperatures (3K) compared to 300K, the saturation magnetization is higher. Due to a rise in
saturation magnetization over 300K, thermal fluctuations and surface spin order at the particle's surface
have decreased. At 359 K Tb, the FC and ZFC modes split apart, confirming the particles' super
paramagnetic nature.
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Fig.1. Flow chart of CoGdxFe>xO4 nanoferrites.
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Fig. 2. XRD plots of CoGd.Fe>x04 (x= 0-0.025 in an interval of 0.005) nanoferrites
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Fig. 3. W-H plots of CoGdxFe2xO4 (x= 0-0.025 in an interval of 0.005) nanoferrites.
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Fig. 4.variation of crystalline size and micro strain with respect to composition of CoGd.Fe2..O4 (x=
0-0.025 in an interval of 0.005) ferrites



Journal Pre-proof

Fig. 5. FTIR spectra of CoGd,Fe2..04 (x= 0-0.025 in an interval of 0.005) nanoferrites
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Fig. 6. variation of force constants with composition of CoGd.Fe>xO4 (x= 0-0.025 in an interval of
0.005) nanoferrites
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Fig. 7. UV-Visible absorption spectra of CoGd.Fe>..0O4 (x= 0-0.025 in an interval of 0.005)
nanoferrites.
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Fig. 8. Optical bandgap analysis of CoGdxFe2»O4 (x= 0-0.025 in an interval of 0.005) nanoferrites.
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Fig. 9. Variation of DC electrical resistivity (Inp) with composition x for CoGd<Fe>xO4 (x= 0.0- 0.025)
samples.
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Fig. 10(a-f).Variation of real part of impedance (Z') as a function of frequency of CoGd<Fe>xO4 (x= 0-
0.025 in an interval of 0.005) nanoferrites.
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Fig. 11(a-f). Variation of imaginary part of impedance (Z") as a function of frequency of CoGd,Fe:-
x04 (x= 0-0.025 in an interval of 0.005) nanoferrites.
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Fig. 12. Complex impedance spectra/Nyquist plots (Z' Vs —Z ) of CoGdFe2.xO4 (x= 0-0.025 in an
interval of 0.005) ferrite at room temperature.
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Fig. 13(a-f). Complex impedance spectra/Nyquist plots (Z' Vs —Z ) of CoGdxFe>-.O4 (x= 0-0.025 in an
interval of 0.005) ferrite at selected temperatures.
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Fig. 14(a,b).Variation of magnetization with applied field of CoGd\Fe:..O4(x=0.020) sample.
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Fig. 15.Variation of magnetization with temperature curve recorded in FC and ZFC modes for
CoGd<Fe:x04 (x=0.020) sample in an external magnetic field of 1000e.
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Table 1. Crystallite size, lattice constant, volume, X-ray density, hopping lengths(L4 & Lg) and strain
for CoGd,Fe>..O4 (x=0-0.025 in an interval of 0.005) nanoferrites

Samples Average Lattice | Volume | X-ray Hopping | Hopping | Strain (g)

crystallite | constant | of unit density, length length for

size, , cell, V dx(gm/cm?®) | for site site B,

D(nm) a(A) a=b=c A, Le(A)

(&%) La(A)

CoFe204 48.27 8.45 603.9 5.160 3.6601 2.9885 0.0015
CoGdo.oosFe1.99s04 | 34.64 8.45 605.3 5.159 3.6630 2.9908 0.00167
CoGdo.o10Fe1.990004 | 31.07 8.46 605.5 5.169 3.6633 2.9911 0.00268
CoGdo.o15Fe1.98504 | 24.01 8.45 604.9 5.185 3.6621 2.9901 0.00565
CoGdo.o20Fe1.98004 | 22.91 8.42 599.0 5.247 3.6502 2.9804 0.00672
CoGdo.n2sFe1.97504 | 13.01 8.45 605.2 5.205 3.6628 2.9906 -0.00105
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Table 2. FTIR modes (vi, v3) and force constant (kr and k,) for CoGdxFe>xO4 (x= 0-0.025 in an
interval of 0.005) nanoferrites.

Composition (x) vi(em™) v2(cm™) k1x10% (N/m) kox10? (N/m)
0.00 567 366 234 0.97
0.005 567 351 2.34 0.89
0.010 568 352 2.35 0.90
0.015 574 352 2.40 0.90
0.020 568 354 2.35 0.91
0.025 574 376 2.40 1.03

Table 3. saturation magnetization (My), coercivity (H.), remanance magnetization (M), remanance
ratio (M,/M;), anisotropy constant (K) and magnetic moment (By) values of CoGdo.o20Fe;.0s04 sample

at 3K and 300K .
Sample |Measured at| Saturation | Coercivi | Remanent | Remanance | Anisotropy | Magnetic
Temperature magnetization| ty Hc magnetizat | ratio= constant moment
(K) Ms(emu/g) | (Oe*10%) | ion M:/Ms (K) erg/Oe | (Bm)
M (emu/g)
CoGdo.o20 3 73.28 1.5 53.86 0.7349 114.5 3.1049
Fe1.98004
300 64.75 0.9 32.66 0.5044 60.703 2.7434
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